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Figure 1. Example of synovitis in osteoarthritis. Sagittal T1w CE image. Severe
synovitis posterior to the posterior cruciate ligament (large arrow) and in Hoffa’s
fat pad (arrowheads) is visualized. Note also moderate synovitis in suprapatellar
bursa (small arrows).
Results: 404 knees (one knee per subject) were included in
the analysis (mean age 58.8 years ± 7.0, mean BMI 29.5±4.9,
45.7% women). Deﬁned by the sum, 99 (24.5%) knees showed
equivocal, 157 (38.9%) mild, 96 (23.8%) moderate and 52 (12.9%)
severe synovitis. Maximum synovitis score was 0 in 8 (2.0%)
knees, 1 in 98 (24.3%), 2 in 135 (24.8%) and 3 in 163 (40.3%)
knees. Radiographic OA was strongly associated with whole knee
synovitis using both deﬁnitions of synovitis (ORs 4.4, 95% CI
2.7-7.0 and 3.2, 95% CI 2.0-5.3). A trend was observed for
associations of cartilage damage severity and synovitis, albeit not
Table 1. Radiographic osteoarthritis and synovitis
Kellgren-Lawrence N Adjusted OR (95% CI)* Adjusted OR (95% CI)*
status Synovitis Sum Max. Synovitis Score
KL = 0 and 1 318 1.0 (Reference) 1.0 (Reference)
KL > 1 86 4.4 (2.7, 7.0) 3.2 (2.0, 5.3)
KL 2 41 2.5 (1.3, 4.6) 2.3 (1.2, 4.4)
KL 3 37 5.9 (3.1, 11.4) 3.7 (1.8, 7.6)
KL 4 8 37.9 (7.5, 192.0) 15.4 (1.8, 131.7)
*Adjusted for age, gender, body mass index. KL - Kellgren-Lawrence, OR - Odds
Ratio, 95% CI - 95% conﬁdence interval, Max. - maximum.
Table 2. Cartilage status and synovitis
Cartilage status N Adjusted Adjusted
OR (95% CI)* OR (95% CI)*
Synovitis Sum Max. Synovitis score
Any cartilage damage (WORMS
cartilage morphology score >1)
in <4 subregions 208 1.0 (Reference) 1.0 (Reference)
Any cartilage damage (WORMS
cartilage morphology score >1)
in >4 subregions 135 1.6 (1.1, 2.4) 1.4 (1.0, 2.2)
4, 5 subregions 20 1.3 (0.8, 2.2) 1.3 (0.8, 2.2)
6,7 subregions 54 1.7 (1.0, 3.0) 1.4 (0.8, 2.6)
≥8 subregions 61 2.1 (1.1, 4.0) 1.7 (0.9, 3.3)
*Adjusted for age, gender, body mass index. KL - Kellgren-Lawrence, OR - Odds
Ratio, 95% CI - 95% conﬁdence interval, Max. - maximum.
Table 3. Meniscus status and synovitis
Meniscus status N Adjusted OR (95% CI)* Adjusted OR (95% CI)*
Synovitis Sum Max. Synovitis score
WORMS grade 0 in all
6 subregions 164 1.0 (Reference) 1.0 (Reference)
Max. Meniscus score:
≥ 1 in any subregion 178 1.4 (0.9, 2.1) 1.3 (0.9, 2.0)
= 1 in any subregion 83 1.2 (0.5, 2.7) 1.6 (0.7, 3.9)
= 2 in any subregion 53 1.0 (0.6, 1.8) 0.9 (0.5, 1.6)
≥ 3 in any subregion 42 2.0 (1.2, 3.5) 1.8 (1.0, 3.1)
*Adjusted for age, gender, body mass index. KL - Kellgren-Lawrence, OR - Odds
Ratio, 95% CI - 95% conﬁdence interval, Max. - maximum.
signiﬁcant. Only severe meniscal damage showed a signiﬁcant
association with synovitis (OR 2.0 95% CI 1.2-3.5).
Conclusions: Whole knee synovitis as semiquantitatitvely as-
sessed on T1w CE MRI is strongly associated with TF radiographic
OA. Severity of OA is associated with amount of synovitis support-
ing theories that synovitis might be a secondary phenomenon after
joint damage has occurred. Amount of subregional involvement of
cartilage damage is not associated with synovitis, albeit a trend
could be shown. Severe meniscal damage shows an association
with synovitis.
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Purpose: Synovitis in OA is thought to be a secondary phe-
nomenon related to cartilage and bone alterations and its impor-
tance in the OA process is well recognized. Degenerative joints
usually demonstrate signs of synovitis, even in the early phase of
disease. Synovial activation in OA is thought to be triggered by
release of detritus from intraarticular joint structures including car-
tilage. Only scoring of synovitis on contrast-enhanced T1-weighted
images correlates with microscopically proven synovitis, which is
the rationale for using contrast-enhanced MRI in our proposed
study.
Aim of the study was to describe the distribution of synovial en-
hancement patterns and presence of joint effusion in patients with
radiographic knee osteoarthritis (OA) using a novel comprehensive
semiquantitative (SQ) scoring system.
Methods: Participants of a randomized treatment trial of knee OA
were included. MRI was performed at baseline using axial proton
density (PD)-weighted (w) fat suppressed (FS), axial T1w FS con-
trast enhanced (CE) and sagittal T1w FS CE sequences. Synovial
enhancement was scored semi-quantitatively from 0-3: 0 = no
synovial thickening, 1 = <2 mm (equivocal synovial thickness), 2
= 2-4 mm (moderate synovitis) and 3 ≥4mm (severe synovitis).
The following 11 subregions were assessed: the suprapatellar,
infrapatellar, medial parapatellar, lateral parapatellar, intercondy-
lar, around the anterior cruciate ligament (ACL), posterior to the
posterior cruciate ligament (PCL), medial perimeniscal, lateral
perimeniscal, Baker’s cysts and around loose bodies. Maximum
synovial enhancement was grouped as absent (grade 0), equivo-
cal (grade 1), deﬁnite (grades 2 and 3). Effusion was scored from
0-3 on PD FS and T1w FS CE sequences according to the amount
of capsular distention. We described the distribution of synovitis in
the whole cohort and also by effusion status.
Results: 111 subjects were included. All knees exhibited at least
one subregion with equivocal synovial thickness, 99 (89%) knees
had at least one subregion with a maximum grade 2 and 44 (40%)
had a maximum of a grade 3. The commonest sites for deﬁnite
synovitis were posterior to the PCL in 79 (71%) and the suprap-
atellar region in 67 (60%) knees. The median number of affected
sites with deﬁnite synovitis was 3. Overall percent agreement of
effusion scored on PD FS and T1w FS CE sequences was 65%,
with a weighted kappa of 0.69. On T1w FS CE, 81 (73%) knees
showed effusion, with 42 (38%) knees exhibiting a grade 2/3 size
effusion. Deﬁnite synovitis in at least one location was present in
78/81 (96.3%) knees with an effusion and in 21/30 knees (70%)
without an effusion.
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Figure 1. Distribution of synovitis. Frequencies of deﬁnite synovial thickening at
speciﬁc subregions at the knee. sPat = suprapatellar; iC = intercondylar; iPat
= infrapatellar; pmPat = medial parapatellar; plPat = lateral parapatellar; Acl =
around ACL; Pcl = around PCL; mMen = medial perimeniscal; lMen = lateral
perimeniscal; LB = near losse bodies; Bak = Baker’s cyst.
Figure 2. Examples of localized synovitis in an osteoarthritic knee. Sagittal T1w
FS CE images. A. Grade 3 synovitis in the subregion posterior to the PCL (ar-
rows). B. Grade 3 synovitis in the suprapatellar subregion (arrowheads).
Figure 3. Discrepancy of assessment of joint effusion. A. On axial proton-density
weighted fat suppressed image, grade 3 hyperintense ﬂuid-equivalent signal is
observed in the joint cavity (white arrows). Marked capsular distension is seen.
B. On axial T1 weighted fat suppressed constrast-enhanced image, hypointense
ﬂuid-equivalent signal in the joint cavity is markedly less when compared to A
(black arrows). However, in addition severe synovial thickening and enhance-
ment is seen (arrowheads).
Conclusions: Synovitis in OA is common with the commonest
site being the region posterior to the PCL. Joint effusion as
measured on PD FS images does not only represent effusion but
also synovial thickening. Disagreement of effusion assessment
is due to overestimation of effusion on the PD FS sequence.
Deﬁnite synovitis was present in the majority of knees without
a measurable effusion. Further work is required to explore the
clinical consequences of synovial enhancement at the different
sites.
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Purpose: Subchondral bone marrow lesions (BMLs) are a hall-
mark feature of osteoarthritis on MRI. BMLs are observed regularly
in conjunction with adjacent cartilage alterations. Higher grades
of cartilage loss seem to be associated with higher prevalence
of concomitant BMLs. As the disease progresses, an increase
in BML volume is seen in the subchondral bone in many pa-
tients, which is positively correlated with an increase in cartilage
loss and radiographic joint space narrowing in the same region.
Semiquantitative assessment of BMLs is commonly performed on
fat-suppressed T2-weighted or proton density-weighted fast spin
echo sequences. It has been suggested that BMLs may also be
assessed on gradient echo-type sequences. The aim of the study
was to compare semiquantitative assessment of BMLs using the
dual echo at steady state with water excitation- (DESS-) and inter-
mediate weighted (IW) fat suppressed (FS) turbo spin echo (TSE)
- sequences at 3 T MRI.
Methods: The JOG-study includes 177 subjects aged 35-65 with
frequent knee pain. 3 T MRI of both knees was performed at
baseline with an identical sequence protocol that is used for semi-
quantitative scoring in the Osteoarthritis Initiative (OAI): sagittal
IW TSE FS, sagittal DESS with water excitation (WE), axial ref-
ormation of sagittal DESS WE, coronal reformation of sagittal
DESS WE, coronal IW TSE. BMLs were scored according to
the Whole Organ Magnetic Resonance Imaging Score (WORMS)
using all ﬁve sequences. Subsequently, 200 BMLs (63 knees)
were randomly selected. In a consensus-reading of two experi-
enced musculoskeletal radiologists (AG, FWR) size of BMLs was
re-scored in separate sessions on the sagittal IW TSE FS- and
DESS-sequences according to WORMS. Conﬁdence of the differ-
entiation between cystic and non-cystic part of BMLs was recorded
on a scale from 0-3. In an additional side-by-side reading superi-
ority of cyst delineation was further recorded for both sequences.
Wilcoxon and Chi-square statistics were used to determine differ-
ences between the two sequences.
Results: 81 (40.5%) BMLs were in the medial tibio-femoral,
24 (12%) in the lateral tibio-femoral and 94 (47.5%) in the
patellofemoral compartments. On the IW sequence 67 (33.5%)
BMLs were scored as grade 1, 84 (42%) as grade 2 and 49
(24.5%) as grade 3. On the DESS 100 (50%) BMLs were grade
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